SUMMARY Contamination of a powdered preparation of pancreatin with Salmonella schwarzengrund and S. eimsbuettel resulted in the infection of at least 31 % of one group of paediatric patients with cystic fibrosis. The pancreatin contained very small numbers of Salmonellae, the infecting dose in at least one child being less than 44 organisms. More stringent bacteriological standards are needed for pharmaceuticals and foods used by paediatric patients.
Many pharmaceutical products derived from animal sources may be contaminated with Salmonella organisms (Krugman and Ward, 1973) , and human infection has been reported from the consumption of carmine dye (Lang et al., 1967) , thyroid extract (Kallings et al., 1966) , and pancreatin powder (Glencross, 1972) . In August 1975, the Salmonella Reference Laboratory at the Central Public Health Laboratory drew attention to contamination of a porcine-derived pancreatin preparation with S. schwarzengrund and S. eimsbuettel (Rowe and Hall, 1975) . In order to determine the prevalence of salmonellosis in patients taking pancreatin, children with cystic fibrosis (CF) were 
Bacteriological examination of pancreatin
The current hospital stock of pancreatin was screened for contamination in September 1975 by the method described by Glencross (1972) . 10 g were sampled from each container, tablets and granules being ground to powder form and capsules opened before culture. S. schwarzengrund was isolated from six 250 g containers of two batches of the powder form of the Pancrex brand. No sample from these two batches failed to grow the organism. Salmonellae were not isolated from the several other batches screened at the same time. Three of the contaminated samples were from the opened containers of patients with proven infection with the same salmonella serotype, one was from a patient with no history of diarrhoea and a negative rectal swab, and two were from unopened containers. No pathogen was isolated from current stocks of Pancrex tablets, granules, or capsules though other batches of these preparations have been found by other laboratories to be contaminated by S. eimsbuettel and S. schwarzengrund (Central Public Health Laboratory, 1975) .
The preparation consumed by one infant was examined in more detail in an attempt to establish an infecting dose of Salmonella. This child, aged 9 months, was newly diagnosed and developed symptoms of enteritis 2 weeks after starting pancreatin. No antibiotics were given. The number of Salmonellae was less than 2 per g in a 100 g sample. He was taking 0 7 g 6-hourly with feeds, this dose being doubled 36 hours before the onset of enteritis.
His dosage of organisms was therefore less than 22 organisms per day initially, increasing to less than 44 organisms per day in the 36 hours before presentation. Assuming that the infecting dose was not cumulative over 24 hours, less than 44 organisms can be estimated as the infecting dose in this patient.
Other brands of pancreatin including the preparation which was consumed by the patient from whom S. enteritidis was isolated in the prospective survey were also screened and found to contain no Salmonellae.
The practice of preparing food with added pancreatin some time before consumption, which might cause bacterial multiplication, was investigated by indirectly questioning patients at their routine clinic visit. Of the infected patients surveyed all added pancreatin to food immediately before each meal. Glencross (1972) reported contamination of the same powder form of pancreatin with S. brandenburg, S. agona, and S. anatum. Other patients infected with the same serotypes were also surveyed (Table 3) . Those cross-infected with S. eimsbuettel were family members of an index case. Those cross-infected with S. schwarzengrund were other hospital patients resident in the same wards.
The patients from whom S. schwarzengrund and S. eimsbuettel were isolated are described in Table 1 . No patient of this group was failing to thrive, though 2 (Cases 2, 5) were acutely unwell with (Drachman, 1974) a month or more after exposure to infection must carry a false-negative rate. It is known that Salmonellae survive for long periods at room temperature when contaminating a dry powder preparation (Prost and Rieman, 1967 ). The pancreatin powder described in this study was heat-treated at 115°C for 5-10 minutes. Possible factors that could determine contamination include resistance of specific serotypes to decontamination procedures, defective control measures, or contamination during storage.
S. schwarzengrund and S. eimsbuettel used to be isolated rarely in the United Kingdom. From January 1973 to August 1975, the Salmonella Reference Laboratory has identified S. schwarzengrund 47 times and in 10 instances the patients were receiving pancreatic supplementation. S. eimsbuettel was identified 31 times in this period and in 15 instances the patients were receiving pancreatic supplementation (Rowe and Hall, 1975) . From August 1975 to June 1976 a further 17 children receiving pancreatic supplementation have been reported by the Salmonella Reference Laboratory, 14 with S. schwarzengrund and 3 with S. eimsbuettel. One child aged 9 months died of a fulminating S. schwarzengrund enteritis one week after starting pancreatin. The incidence of S. schwarzengrund infections from all sources has since shown a large increase, this serotype being now the sixth most common isolated from humans in the United Kingdom (Central Public Health Laboratory, 1976) . Account must be taken in these figures for cross-infection from index cases, as 5 cases were seen in this survey (Table 3 ).
All known contaminated material was imported from a single factory in the Netherlands, which also supplies other manufacturers of pancreatin in Europe. All pancreatin is of porcine derivation due to the great potency of this source. The proportion of imported material to the manufacturers' United Kingdom sources over the period described had been variable and dependent on the availability and quality of the raw material (F. P. Diggins, personal communication). Both the implicated serotypes are relatively common in the Netherlands, particularly S. eimsbuettel, and are isolated in man, abattoirs, meat shops, and animal feeds (Guinee and Valkenburg, 1975) .
The principal Salmonella reservoir is the vertebrate intestinal tract, and pigs form a pool of symptomless infection in domesticated animals. The organisms reside principally in the bowel and the mesenteric lymph nodes, but can occur in the liver, spleen, and muscle. The incidence of infection varies from 4% to 22% (Prost and Rieman, 1967; Lancet, 1972) , the variables including the care taken in feeding the animals uncontaminated meal, stress of travel to market, the herding of animals into barns and abbatoir lairs for prolonged periods, which can increase cross-infection, and abbatoir technique because cross-contamination can occur from contact with dirty dehairing machines, eviscerating tables, and cutting knives. Emergency slaughter can disseminate the organisms from the mesenteric nodes (Bowmer, 1964; Prost and Rieman, 1967; Christie, 1974) .
Less than 50 organisms infected one patient and this number probably represents a reasonable estimate in all the patients who consumed the contaminated powder preparation as the dose in each was similar. In healthy adult humans (McCullough and Eisele, 1951a, b, c; Hornick et al., 1970) , and animals (Bohnhoff and Miller, 1962) , the dose of Salmonella required to cause infection is of the order of 105 to 106 organisms. 104 organisms have caused infection from contaminated carmine dye given for diagnostic purposes (Lang et al., 1967) and contaminated imitation ice cream (Armstrong et al., 1970) . The age, condition, and whether antibiotics had been previously given to affected patients were not stated in these reports. The lowest quantitated infecting dose in man before this report was 103 S. eastbourne organisms from contaminated chocolate (Craven et al., 1975) . Malnutrition (Gordon and Scrimshaw, 1970) , a disease of the alimentary tract in man, including pancreatic dysfunction (Hook, 1961) , and broad spectrum antibiotic treatment in animals (Bohnhoff and Miller, 1962) Increased surveillance by the manufacturer now requires that four 25 g lots from each batch of pancreatin are screened for contamination. Before this, single 25 g lots were tested, imported batches being accompanied by a certificate claiming freedom from Salmonella. Gamma irradiation will be used in the near future to ensure sterility of their product, which is distributed mainly in the United Kingdom.
The small number of organisms infecting these children indicates that the present official recommendation of no more than one organism in 10 g (British Pharmacopoeia, 1973) 
